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RANGE OF THE IX)UGLAS X-3 IGSEAFCH AIRPANE 
A!r m s o m c  SPEEDS 
By E a r l  R. Keener  and  Gareth H. Jordan 
Wing  loa&  and  load  distributions  were  obtained  by  differential- 
pressure measurements between  the W e r  and l m r  surfaces of the  left 
wing of the  Douglas X-3 research airplane to determine  the  effects  of 
angle of attack and Mach n m k r  on the w i n g  characteristics  at  transonic 
Mach nmbers. The wing has an aspect  ratio of 3.09 and a  moafied 4.5- 
percent-thick hexagonal section. Data cover the range from near-zero 
lift  to maximum lift  and fmm a Mach rider of 0.71 to a Mach ntnnber 
of 1.15. 
The chorMse load  distributions and the wing-section  aerodynamic 
characteristics  were similar at  each wing  station. A large load  developed 
at  the  leading  edge  resulting  from  the  relatively sharp leading  edge.  At 
Mach  numbzrs  belotr 0.9 separation of the flow from  the  leading  edge 
resulted in a loss  in leadingedge  load  and a low maximum lift. The maxi- 
mum normal-force  coefficient of the w i n g  panel was 0.66 at a Mach  number 
of 0.n compared  to 1.2 a t  supersonic  Mach  nmibere.  Spanwise  load  distri- 
butions  were.essentially  elliptical  throughout  the lif  and Mach  number 
range tested. values of normal-force-curve  slope ranged from 0.076 per 
degree  at a Mach nmber of 0.71 to 0.116 per  degree  at  Mach nmber of 
1.0. Variation  of  pitching moment with lift w a s  unstable at the  lower 
Mach  numbers,  becoming  increasingly  stable  above a M ch nuniber of about 
0.9. The chordwise  location of the  center of pressure  varied w i t h  angle 
of  attack  between 15- and  %-percent  chord a t  subsonic Mach nmibers and 
between 31- and 37-percent  chord  at  supersonic  Mach nuhers. The span- 
wise  location  of the center  of  pressure was relatively  constant with Lift 
and Mach  number  at  about 42 percent of the panel  span. The flight  results 
are  in gaod agreement  with  wind-tunnel  results at Mach  numbers  below 0.90 
and in fair  agreement  at  Mach  numbers of 0.90 and 0.92. 
Deflecting  the  leading-edge  flap  about 7 O  over a Mach ntnnber  range 
of 0.71 to 0.80 increased  the maxfmum normal-force  coefficient  about 0.06 
and moved  the  center of pressure  rearward  at  the  lower angles of  attack 
and  slightly  forward  at  the higher angles  of  attack. No change  occurred 
in the  spanwise  location  of  thecenter of pressure. I 
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Flight tests of the Douglas X-3 research airplane have been con- 
ducted a t  the NACA High-speed Flight  Station a t  Edwards, Calif., t o  
explore the subsonic and low sqersonic  Mach nunber range w i t h  a thin-  
winged airplane designed f o r  supersonic speeds. As a par t  of the f l i g h t  
t e s t  program wing loads and load distributions were obtained to contrib- 
ute some general aerodynamic data on this supersonic design. The data 
were obtained by differential-pressure measurements between the upper and 
lower surfaces of the le f t  wing. 
This paper presents an analysis of  the effects  of angle of attack 
and Mach n m h r  on the w i n g  loads and the chordwise and spanwise l oad  
distributions over a Mach  number range of O .7 l to  1.15. The data cover 
the normal range of angle of attack and Mach number of the airplane. 
Also included are the preliminary results of the effect  of deflecting 
the leading-edge f l ap  about 7 O  a t  M = 0.71, 0.76, and 0.80 throughout 
the l i f t  range. 
Reference 1 presents some preliminary pressure fistributions over 
the upper and lower surfaces a t  a midsemispan s ta t ion of the wing through 
an angle-of-attack range at  Mach numbers of about 0.61, 0.78, 0.94, 
and 1.10. 
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free-stream  Mach  number 
normal-load  factor, g units 
local  static  pressure on lower  wing  surface, lb/sq ft 
local  static  pressure on upper wing surface, lb/sq ft 
free-stream &manic pressure, lb/sq ft 
total wing area,  Including  area  progected through fuselage, 
S q  f t  
area of wing panel  (outboard of 0 b '/2), s q  ft 
airplane  weight,  lb 
chordwise  distance  rearward of leading  edge of local chord, ft 
chordwise  location of center of pressure of wing section, 
( o .25 - &cn) 100, percent c 
chorhise location of center of pressure of w i n g  panel from 
leading  edge of E', (0.23 - O,'/CPJ')~~O, percent c" 
spanwise  distance  outboard of Ob ' /2, ft 
spanwise  location  of  center  of  pressure of wing panel, 
(Cb'/Cn')l00,  percent b r / 2  
measured  airplane  angle of attack,  deg 
compressibility  parameter, /- 
left  aileron  position, de@; 
leading-edge flap position, deg 
DESCRIPTION OF AlRpLANE AND WING PAWL 
Photographs of the airplane are shown in figure 1, and a three-view 
drawing presenting  the  overall dimensions is s h m  in figure 2. lche physi- 
cal  characteristics  of  the  airplane and wing panel  are  given i  table I. 
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The w i n g  has an aapect ratio of 3.09, a taper ratio of 0.39, and 
zero incidence, dihedral, and twist. A l im through 75-percent local 
chords is  perpendicular t o  the plane of symmetry. The wing section is 
a 4.5-percent-thick modified hexagonal airfoi l   wi th   ver t ices  at  30- and 
70-percent chord. Modifications t o  the ai r fo i l  cons is ted  of a 188-inch 
radius a t  9- and 70-percent chord and a small radius at  the leading 
and t r a i l i n g  edges as shoyn in table 11. 
A drawing of the w i n g  is s h m  in   f i gu re  3 .  The wing panel consists 
of the portion of the l e f t  w h g  outboard of the first streamwise row of 
or i f ices  (0.301b/2) . All the wing-panel coefficients are based on the 
geometric properties of the wing panel included i n  table I. The leading- 
edge f lap  has a constant streamwise chord of L2.5 inches and extends from 
the wing root t o  the wing t i p .  Geometric properties of the lea--edge 
f lap  are  also included i n  table I. Two control-actuator fairings are 
located on the bottom surface of each wing as shown i n  figures 2 and 3. 
IXSTRl"0N AWD ACCURACY 
Standard NACA film-recording instruments were used t o  record the 
wing ciifferential  pressures,  indicated  free-stream static and dynamic 
pressures, normal acceleration, angle of attack, angle of s idesl ip ,  
aileron position, leading-edge flap position, and r o w  and pitching 
angular velocit ies and accelerations. Al instruznents w e r e  correlated 
by a comnon timer. 
A Pitot-static  tube w i t h  an NACA type A-6 total-pressure head 
( re f .  2) was mounted on a nose born and the static-pressure  error was  
determined in f l i gh t .  The total estimated error i n  Mach nuniber i s  within 
3.01. Angle of attack and angle of s idesl ip  were measured by vanes 
mounted on the nose boom. The angle of attack indicated by the recorder 
is presented i n  this paper and w a s  measured w i t h  respect t o  the fuselage 
reference plane. 
Flush-type static-pressure  orifices installed in the lef t  wing were 
arranged i n  f i v e  streamwise rows. The ordinates of the e r f o i l  section 
at  each row of or i f ices  are given in table II. The chordwise locations 
of the or i f ices  are given i n  t a b l e  111. Figure 3 shows the aparrwise 
locations of the f ive  rows of or i f ices .  
The or i f ices  were connected by'tding through the w i n g  t o  the manom- 
eters in the instrument compartment. Lag in the pressure-recording system 
w a s  determined by the method f o r  photographic instruments presented i n  
reference 3 and was checked in  fllght by campasing abrupt and gradual 
maneuvers. The l ag  was found t o  be negligible for the data presented i n  
this paper; therefore, no lag corrections were applied t o  the data. 
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Accuracies of other pertinent recorded quantities are: 
DifferentiRl-presSUe measurements, pz . pu, lb/sq f t  . . . . .  +-7 
Normal load  factor . . . . . . . . . . . . . . . . . . . . . . .  fO -05 
deg . . . . . . . . . . . . . . . . . . . . . . . . . . . .  f0.2 
These accuracies resulted i n  the following estimated probable accu- 
racy i n  sone of the coefficients Tor the Mach number range of 0.70 t o  1.15: 
c p . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  io.02 
c n .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  kO.03 
% . . . . . . . . . . . . . . . . . . . . . . . . . . * . . . .  to.01 
C N I  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  to.& 
CNA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  f0.02 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20.02 
TESTS 
. 
The data presented were obtained from pull-ups and wind-up turns a t  
Mach numbers from 0.71 t o  1.15 at  . a n  a l t i tude  of about 30,000 fee t .  
Reynolds number based on the mean aerodynamic chord of the wing varied t 
between 16 x 10 6 and 26 x lo6. 
DAW REDUCTTON AND PRFSENTATIOB 
Automatic data reduction equipment, u t i l i z ing  a card punch and a 
card program calculator, w a s  used t o  obtain pressure coefficients from 
the data recorded on film. The calculator also performed the chordwise 
and spanwise integrations to obtain the normal-force and pitching-moment 
coefficients. The n w r i c a l  i n t e g r a t i o n  was accomplished by mean~ of  
parabolic arc approximations t o  the pressure functions. Comparison of 
numerical integrations with mechanical integrations of hand-faired pres- 
sure distributions gave excel lent  agremnt .  
The pressure coefficients and aerodynamic characteristics obtained 
from the w i n g  differential pressure measurementEi are presented i n  tables IV 
t o  XIV for the approxhate Mach  numbers of 0.71, 0.7'7, 0.83, 0.88, 0 . 9 ,  
0.92, 0.96, O.%, 1.01, 1.10, 1.15. The maneuvers a t  Mach number6 of 
1-10 1.15 experienced a decrease i n  Mach  number of about 0.06 from the 
given Mach  number as the angle of attack increased. The data f o r  the 
6 
m 
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other Mach nmbers are within W.01 of the approximEtte given Mach nuniber, 
except f o r  M 4 0.71 and 0.83 which are witbin f0.02 of the gLven Mach 
0.71, 0.76, and 0.80 are tabulated in tables XV t o  XVII. 
-< nmiber. Data f o r  a flap  deflection of about 70 at Mach  numbers of about 
Chordwise Load Distribution 
Representative chordwise load distributions  selected from the tabu- 
lated data are presented as oblique projections in figures 4 t o  9. Infor- 
mation concerning the upper and lower surface pressure distributions which 
result in  these  load  distributions may be obtained from references 1 and 4. 
Effect of angle of attack.- In general, the chordwise load distribu- 
tions are s idhr  a t  each wing station. As the angle of attack increased, 
an appreciable  load quickly developed over the forward 20-percent chord 
resulting from the relatively sharp leading edge. A t  the lower Mach nun- 
bers  tested the load a t  the  leading edge reached a maximmt a t  &n angle of 
attack below maxfmum lift, a t  which point  the leading-edge load suddenly 
decreased. A t  the higher Mach n d e r s  tested the load at the leading 
edge increased until maximum l i f t  was reached. According to references 5 
and 6 ,  the loss in leadingedge load a t  the lower Mach numbers resulted .. frm separation. of the flow over the upper surface of the leadlng edge. 
These references show that the leading-edge separation 2s a characteristic 
w h i c h  occurs at Mach numbers less  than 0.9 for airfoils wlth small lesding- 
edge radii. Reference 7, which presents tuft pictures f o r  an 0.16-scale 
m o d e l  of the- X-3 airplane i n  the Ames 16-root high-speed w i n d  tunnel, 
reports that a t  Mach nmibers less  than 0.8 the flow separated from the 
leading edge and propessed rearwazd t o  the trail- edge. A t  Mach num- 
bers  greater than 0.9 sepmatian on the model began a t  the trailing edge 
and progressed forward. 
. 
A t  the intermediate Mach numbers of 0.83, 0.88, and 0.92 the influ- 
ence of shock waves may be seen i n  the chordwise load distributions. The 
shock waves caused an a b q t  decrease i n  load and a down-load near the 
trailing edge. A t  the supersonic Mach nmibers the increase in load with 
Increasing angle of attack was miform at  each chord station,  unlike  the 
subsonic Mach nmibers. 
Effect of Mach n&er.- Figure 10 shows the  effect of mch nuniber on 
the load distrfbution over themidsemispan oriflce  station at  u 4 6O. 
Since the chordwise load distributions &e sFmilar a t  all the stations, 
figure 10 shows the changes with Mach nmiber that are  cmon t o  al the 
stations a t  low and moderate angles of attack. A t  M = 0.71 the chord- 
wise loading w a s  triangular, with most of the loati occurring over the 
L 
= 
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forward 50-percent chord. As the Mach  number increased to 1.15, shock 
waves formed over the center of the wing section and moved rearward t o  
the t r a i l i ng  edge, result ing in a rearward movement of the load. 
Leading-edge separation boundary.- The approximate boundary f o r  the 
leading-edge flow separation discussed previously w a s  determined for  the 
X-3 w i n g  by plotting  the  differential  pressure  coefficient  for the or i f i ce  
closest to the leading edge against eagle of attack and by noting the 
angle of attack a t  which % ceased to increase. Figwe 11 shows repre- 
sentative plots a t  M = 0.71,  0.88, and 0.96. A t  M = 0.96 and greater, 
there was no clear indication of leading-edge separation below maximum 
l i f t .  In figure 12 the results obtained from the differential pressure 
plots are shown f o r  the root, midsemispan, and t i p  or i f ice  s ta t ions.  A t  
M * 0.71 the flow separated first a t  the midsemisp~tn a t  a = 4.5' and 
spread t o   t h e   t i p  and the root as the angle of attack increased to 80. 
A t  M = 0.88 the flow separated first a t  the  t i p  a t  a = go and spread 
t o  the root a t  a = l2.5O. At M = 0.92 the flow separated along the 
entire leadfng edge a t  a = l3O. No leading-edge separation was evident 
below maximum l i f t  at Mach numbers greater than 0.92. 
Wing-Section Aerodynamic Characteristics 
The variation w i t h  lift of the wing-section aeroaynamic character- 
istics is  presented in   f igure  13. Mach number effects   are  sham i n  fig- 
ure 14 and the effect  of  spanwise location is shown in  f igure 15. 
Section normal-force coefficient.- Figure 13 shows that the varia- 
t ion of cn with a at each or i f ice  s ta t ion  was essent ia l ly  l inear  t o  
near maximum l i f t  f o r  M * 0.71 and 0.77 and f o r  Mach numbers of 0.92 
and greater. A t  the intermediate Mach numbers of 0.83, 0.88, and 0 . 9 ,  
however, the Cn curves  experienced an increase in slope below cn = 0.5 
and were e r r a t i c  above this value. The chordwise load distributions indi- 
cate that the change i n  slope and e r r a t i c  behavior of the normal-force 
curves resulted from abrupt movements of shock waves over the center por- 
t i on  of the modified hexagonal wing section and from flow separation (near 
maxhum lift) f r o m  the leading edge. 
A t  M = 0.71 maximum cn varied from about 0.75 a t  the inboard 
s ta t ions to  0.58 a t  t h e  t i p .  A t  Mach numbers greater than 1.0, maximum 
Cn was about 0.5 greater than a t  M = 0.71. The low maximum l i f t  a t  
the lower Mach numbers resulted from separation of the flow a t   t h e  
leading edge, wMch  was discussed previously. This type s t d l  has been 
ca l led  " th in  a i r fo i l  stall" in reference 8. Included i n  this reference 
are the low-speed characterist ics of a modified 4.23-percent-thick 
double-wedge a i r f o i l  which s t a l l ed  a t  a l i f t  coefficient of about 0.85, 
much lower than the thicker airfoils tested.  
I 
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Figure 14(a) shows the  variation w i t h  Mach nmber of the  section 
normal-force coefficient f o r  the midsemispan orifice  station at  several 
angles of attack. The figure shows that % increased rapidly between 
M = 0.80 and 0.95, the largest increase occurring a t  the higher angles 
of attack. A t  a, = 12O the increase i n  Cn with Mach nmber was 
especially  large,  since the wing was stal led  a t  Mach nmbers less than 
about 0.9. 
. 
Figure 14(b) shows the variation w i t h  Mach nmiber of Cn curve 
slopes f o r  the midsemispan orifice station st a = 3O and 6O. A t  a = 3O 
the slope increased with Mach number from a subsonic value of about 0.08 
t o  a sonic value of about 0.13, then decreased t o  about 0.11 a t  M = 1.17. 
At a = 6' the slopes were about the same except f o r  the Mach nmiber 
region of 0.80 to 0.95 where the dopes increased, reeulting in  an addi- 
t i o n a l  peak in  the curve a t  M = 0.88. 
Figure 15 shows that the normal-force characteristics of each w i n g  
section are similar. The section normal-force coefficient was s l i g h t l y  
higher a t  the midsemispan orifice  station than at  the root  or  the t i p  
stations, and the cn curve slopes were about the same except for  a 
slight decrease a t  the root  orifice station. - 
Section pitching-moment coefficient.- In general, over the Mach num- 
ber range from 0.p t o  0.92 the  section pitching-moment coefficient about 
Cn range (fig. 1 3 ) .  A t  moderate normal-force coefficients the variation 
gradually became stable. The change in slope apparently was caused by the 
rearward movement of  separated flaw from the  leading edge, which has been 
discussed previously. The % curves at  each wing section a t  these Mach 
nmbers are similar t o  the low-speed pitching-ment  characteristics of 
the 4.23-percent-thick modified do&le-wedge a i r fo i l  in reference 8. A t  
M = 0.88, 0.90, and 0.92 the pitchingament curves are erratic, similar 
t o  the cn curves in  this region. As the Mach nlrmber Increased to 1.15 
the variation of c, with % b e c e  stable, except f o r  the low- l i f t  
range a t  the t i p  where the variation was unstable a t  all Mach rimers 
tested. The stable (and almost linear) variations at these Mach nmibers 
resulted from the uniform increase in  normal load a t  each wfng  section 
cmpared to the nonunfform changes at the lower Mach nmbers . 
L the quarter chord had &z1 unstable  variation w i t h  cn  over the lower 
It was reported in reference 1 from prehimFnary data that during the 
maneuver a t  M = 0.94 an unstable break occurred in the % curve at  
cn = 0.60 and that the curve became stable again at Cn = 0.70. Ex&- 
nation of the m o r e  complete data i n  figure l3(c) reveals that the unstable 
break reported in reference 1 was a Mach number effect rather than a Uft 
effect. During the unstable break the Mach  number decreased from 0.94 t o  
rl 
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0.92 and as shown i n  figure l3(c),   the  level  of changes consider- 
ably between Mach numbers from 0.92 t o  0.96. 
Section center of pressure.- In general, the section center of 
pressure moved rearward with increasing normal-force coefficient 
( f ig .  13). The rearward movement was s a l 1  for the inboard stations 
(below wing stall), but amounted t o  about 40-percent chord a t  the t i p .  
Figure 14(c) includes the effect  of Mach number on the section 
center of pressure for the midsemispan or i f ice  s ta t ion a t  a = 3 O ,  6O, 
go, and 120. Ia general, between M = 0.85 and 0.95 the section center 
of pressure moved rearward, the rearward movement decreasing as the 
angle of attack increased. The load distributions in figure 10 show 
that the rearward movement of the section  center of pressure occurred as 
a result of the increase i n  load over the rear par t  of the wing section 
a8 the shock waves moved rearward to  the  t r a i l i ng  edge. Figure 15 shows 
that the center-of-pressure movement was similar a t  each wing section, 
but that the center of pressure was located about 10 percent farther to 
the rear a t  the root than a t  the t i p .  
Spanwise Distributions 
Spanwise load distributions.- Spanwise normal-load distributions are 
presented in figure 16 for  representative Mach numbers and angles of 
attack. The shape' of the distributions does not change appreciably over 
the Mach rimer and l i f t  range tested, except a t  a = 3' where the load 
a t  the wing t i p  is consistently low at a l l  Mach numbers presented. The 
probable cause of this condition i s  the control-actuator fairing on the 
lower surface near the h 0 t  or i f ice  s ta t ion.  Wing stall had l i t t l e  e f f e c t  
on the shape of the distributions. The apparent change i n  shape in f ig -  
ure 16(b) at a = 10.lo was caused by excessive aileron deflection. 
Compari~on of the load dis t r ibu t ions  a t  M = 0.71 with the theoreti-  
c a l  methods of references 9 and 10 i s  made i n  figure 17- The charts i n  
reference 9 were used to obtain the load dis t r ibut ion  for  the wing alone, 
and the method of reference 10 w-as used to   calculate  the w i n g  load i n   t h e  
presence of the fuselage. In using reference 9 a section lift-curve slope 
of 21c per radian was used, r e su l t i ng  in  an aspect ratio parameter pA/k 
of 2.18. The assumed value of sec'tfon lift-curve slope is reasonable 
according to   the data for the modified 4.23-percent-thick double-wedge 
a i r f o i l  in reference 8. This a i r f o i l  had a lift-curve slope of about 
0.118 per degree at low speed. Figure 17 is presented t o  compare the 
shape of the distribution w i t h  that obtained by theory, therefore the unit 
normal-load parameter was plo t ted   for  the portion of the distribution  over 
the w i n g  panel. Included i n  figure 17 is the portion of an e l l i p t i c a l  dis- 
t r i bu t ion   fo r  the wing panel. 
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A t  moderate angles of attack (6.2O and 9.60) the experimental 
distributions axe nearly el l ipt ical  and the method of reference 9, which 
neglects the fuselage effects, is adequate i n  predicting the shape of 
the distribution. Emever, by using the method of reference 10, which 
accounts f o r  fuselage effects at  these angles, the load increases over 
the inboard semispan. Use of this mthod would cause the bending mment 
a t  the root  of the wing t o  be slightly underestFmated. A t  lar l i f t  
(a = 3.2') the experimental distribution does not agree with either of 
the  theoretical methods. 
Spanwise pitching-naoment distribution.- The spanwise distributions 
of pitching moment about 0.25E ' f o r  representative Mach.nw6bers and 
&n&s of attack are shown in figure 18. A t  the lower Mach nuuibers 
tested, the  pitching momnt became more positive at  the inboard stations 
and more negative at  the outboard s ta t ions  as angle of attack increased. 
After leading-edge flow separation occurred, the pitching moIlEnt a t  the 
inboard stations quickly decreased. As the Mach nmber increased t o  0.99, 
the change i n  pitching moment a t  the fwelage decreased t o  near zero. At 
supersonic Mach nmibers the pitching moment increased  negatively at a l l  
stations as the angle of attack increased. 
Wing-Panel Aerodynamic Characteristics 
. The varia.tion with lift of the wing-panel aerodynamic cbaracteris- 
t i cs  is presented in figure 19. The data presented a t  high angles of 
attack were i n  some cases insufficient t o  obtain  a fairing of with 
a, however the variation of CN with angle of attack w a s  used as a 
guide. Mach nmiber effects are shown i n  figures 20 and 21. 
A 
Wing-panel normal-f orce coefficient . - The maximum normal-f orce 
coefficient of the wing panel was 0.66 a t  M = 0.7'1 and about 1.2 at  
supersonic Mach nunhers (f ig .  lg(a)) .  Early separation of the flow from 
the  leafing edge w a s  a  contributing factor- t o  the low maxFmum Ut a t  
Mach nmbers less than 0.9, as discussed previously. The variation of 
CN1 with a in figure lg(a) w a s  linear except i n  the transonic regfon 
of M = 0.83 t o  M = 0.92 where, because of the erratic Tdng-aection 
behavior, the wing-panel variation was also erratic. A t  a l l  Mach numbers 
tested, zero normal-force coefficient appears t o  occur at a positive 
angle of attack of from lo t o  2O. This is caused, in  p a r t  at  least, by 
the effects of the control-actuator fairings on the lower surface, which 
would tend t o  produce a dam load a t  zero angle of attack. 
The variation of C,' with Mach  number is ahown i n  figure 20(a) at 
several angles of attack. The characteristics are similar t o  the wing 
section data. Cmparison of CN'  with CH in figure 20( a) shms that 1 
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the airplane normal-force coefficient experienced the same variation 
w i t h  Mach number as was experienced by the wing-panel Domal-force 
coefficient.  . 
The variation dC,'/da with M (fig.  20(b)) was similar t o  that 
shown for  the wing section. A t  a = 3 O  the slope was about 0.076 per 
degree from M = 0.71 t o  M = 0.83. Between M = 0.83 and 1.00 the 
slope increased to 0.116 per degree, then decreased t o  0.100 per degree 
a t  M = 1.15. The experimental slope of 0.076 per degree at  M = 0.71 
is higher than the theoretical values of 0.064 per degree from refer- 
ence 9 and 0.061 per degree from reference 10. The variation of the 
normal-force-curve slope of the airplane w a s  similar t o  that of the wing 
panel. 
The contribution of, the wing t o  the t o t a l  normal force is  shown i n  
figure 21. AB the angle of attack increased, the contribution of the 
wing decreased. A t  (r = 6 O  the wing contributed about 70 percent of the 
t o t a l  normal force throughout the Mach number range presented. 
Wing-panel pitching-moment coefficient.- Similar t o  moat unswept 
wings, the X-3 wing had an unstable  variation of Cm' with CN' a t   OW 
transonic Mach numbers ( f ig .  l g (b ) ) ,  except a t  high l i f t  where flow sepa- 
ra t ion changed the variation from unstable t o  stable. In the discussion 
of the wing-section characteristics, the separation was shown t o   s t a r t  on 
the upper surface a t  the leading edge and t o  move rearward to  the trailing 
edge. A t  M = 0.83 t o  0.92 the Cm' curves were e r ra t ic  because of the c 
erratic wing-section behavior. As the Mach number increased, the wing 
became stable as a resu l t  of the rearward movement of the shock waves t o  
the trailing edge. 
Wing-panel bending-moment coefficient.- The variation of C b '  w i t h  
C N '  was essent ia l ly  l inear  a t  a l l  Mach numbers (fig. 19( c )  ) . A t  
M = 0.83 t o  0.92 there was l i t t l e  effect  of the errat ic  wing-section 
behavior on the bending moment, which shows that the flow changes 
occurring a t  these Mach numbers were primarily chordwise, not spanwise 
changes. The slopes of the C b '  curves are constant wLth  Mach number. 
Wing-panel center of pressure.- A t  .M = 0.71 t o  0.83 the chordwise 
location of the center of pressure (fig. l g (d ) )  was constant at low l i f t ,  
but moved rearward after the flow about the leading edge separated. At 
M 3 0.83 the center of pressure moved rearward with increasing lift. 
The variation of the chordwise location with Mach number is shown i n  
f igu re  m(c ) .  TIE center-of-pressure movement of the w i n g  panel was 
similar t o  that of the w i n g  section i n  that it moved rearward between 
M = 0.85 and 0.95, the rearward movement decreasing as the angle of 
attack increased. 
L 
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 he spanwise location of  the center of pressure ( f ig .  lg(e))  was 
relatively  constant  with l i f t  and Mach number a t  about 42 percent b'/2 
a t  a l l  Mach nunibers tested.  
Comparison With Wind-Tunnel Data 
A comparison of f l i g h t  data w i t h  wind-tunnel r e s u l t s   a t  Mach numbers 
from O . 7 l t o  0.92 is sham i n  ffgures 22 t o  24. The wind-tunnel data of  
reference 4 covered a Mach nmber range fmm 0.60 t o  0.92, therefore  the 
comparison is lfmited t o  subsonic and transonic speeds. Included Fn the 
comparisons are preliminary fl ight data from reference 1. DifferenCeE 
between the present data and preliminary flight data, are evident, however 
the present data are considered more rel iable .  The difference in normal- 
force  coefficient can be explained &s result ing from a sparcity of rkaaured 
points along the chord i n  the prellmfnary data part icular ly  in the vicinfty 
of the wing shock, a more refined airspeed calibration, and some discrep- 
ancy in the  preliminary  angle-of-attack measurements. 
In general, the wind-tunnel and f l i g h t  results are  in  good agreement 
below a Mach nmber of 0.90 and i n  fair agreement a t  Mach nmibers of 0.90 
and 0.92. A t  Mach numbers of 0 . 9  and 0.92 the normal-force coefficient 
fo r  the wind-tunnel data is lower than that for   the flight data over most 
of the l i f t  range. The chordwise load distributions of figure 22(b) at  
M = 0.92 show good agreement i n  shape and location of the w i n g  shock, 
however the differences  in   level  may be associated with differences i n  
angle of attack between the wind-tunnel and flight measurements. As a 
result of these differences, the spaawise load dis t r ibu t ions   in  fig- 
ure 24(b) at M = 0.92 do not agree in  l eve l ,  howevei- the shape of the 
distributioqs would seem t o  be comparable. 
Effect of Leading-Edge Flap Deflect im 
Preliminary data presented  in'figure 25 show the effec t  on the wing- 
panel aerodyrmdc characterist ics of deflecting the leadingedge flap an 
average of 7 O  at  M = 0.71, 0.76, and 0.80. At M = 0.71 and 0.76 the 
deflected  flap  increased the maximum normal-force coefficient  about 0.06 
but did not appreciably change the portion of the CN' cwve below 
CN' = 0.6. The deflected flap decreased the pitching+amuent coefficient 
s l igh t ly  and delayed the break from an unstable t o  a stable variation t o  
a higher angle of attack, Unaoubtedly the resul t  of a &Lay i n  leading- 
edge separation. Bending mament was unaffected. No change in spanwise 
center-of-pressure location occurred, however the chordwise location was 
more t o  the rear  a t  lower angles of attack and slightly far ther  forward 
at  higher angles of attack. 
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CONCLUDING REMARKS 
Wing loads and load  distributions were obtained by pressure measue- 
menta over the l e f t  wing of the Douglas X-3 research airplane. The data 
cover the range from near zero l i f t  t o  maximum l i f t  and from a Mach number 
of 0.71 t o  1.15. 
The chordwise load distributions and the wing-section aeroayaamic 
characterist ics were similar a t  each wing stat ion.  A large load devel- 
oped at the leading edge result ing from the relatively sharp leading 
edge. A t  Mach numbers below 0.9 separation of the flow from the leading 
edge resulted i n  a loss  in leading-edge load and a low maximum l i f t .  
The maximum normal-force coefficient of the w i n g  panel was 0.66 a t  a 
Mach  number of 0.71 compared t o  1.2 a t  supersonic Mach numbers. Spanwise 
load distributions were essent ia l ly   e l l ip t ica l  throughout the l i f t  and 
Mach  number range tested. Values of normal-force-curve slope ranged from 
0.076 per degree a t  a Mach number of 0.71 t o  0.116 per degree a t  a Mach 
nmber of 1.0. Variation of pitching moment with l i f t  w a s  unstable a t  
the lower Mach nmibers, becoming increasingly stable above a Mach number 
of about 0.9. The chordwise location of the center of pressure varied 
with angle of attack between 15- and 30-percent chord a t  subsonic Mach 
numbers and between 31- and 37-percent chord a t  supersonic Mach numbers. 
The spanwise location of the center of pressure w a s  relatively constant 
with l i f t  and Mach  nlxmber a t  about 42 percent of the panel span. The 
f l i g h t  results a r e   i n  good agreement with wind-tunnel results a t  Mach 
numbers belaw 0.90 and i n  fa i r  agreement at Mach numbers of 0.90 and 0.92. 
Deflecting the leading-edge f lap  about 7' over a Mach number range 
of 0.71 t o  0.80, increased the maximum normal-force coefficient about 
0.06 and moved the center of pressure rearward a t  the lower angles of 
attack and s l igh t ly  forward a t  the higher angles of attack. No change 
occurred in   t he  spanwise location of the center of pressure. 
High-speed Flight  Station, 
National Advisory Conrmittee fo r  Aeronautics, 
Edwards, Calif.,  June 26, 1956. 
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14 098 
15 0018 
16 e027 
17 - a009 
19 
18 a a017 
0 009 
Or975 
r434 
I 340 
r 307 
0 188 
e215 
r 094 
m203 
I 126 
r 108 
0059 
r090 
I 045 
a063 
r 000 
r017 
r 045 
a036 
e 0 5 3  
0 r701 
*581 
r 141 
4052 
r054 
e079 
e 0 3 6  - r o l e  - ,053 - roe1 - a045 - a054 
e a009 
a054 
r 000 
Orifias 
ROW 
1 5 4 3 2 
1 
2 
0.836 10388 1r457 
3 
e580 a610  r989 
4 
a449 m415 0615 
a411 a360 1254 
5 e309 r265 a 2 0 4  
b e241 a246 r237 
7 
8 
r229 a161 e 2 2 0  
e171 a 2 1 1  r Z 7 3  
9 0156 rl41 e151 
10  a093 r177 6 1 3 1  
11 0100 0083 e141 
12 a060 el06 0033 
13 0055 r 0 2 7  0035 
14  1123 0062 r041 
15 a000 e009 0018 
16 e044 r034 a035 
17 - a009 e035 r 0 3 5  
18 - a017 r018 a017 
19 0009 a061 0027 
1 r 280 
1.154 
r 992 
l 670 
r30.5 
r 184 
0 150 
I 247 
r 106 
.OB8 
r054 
a035 - 0027  
,000 - a063 - 1009 - a044 - r 0 1 8  
r 000 
00838 
0810 
I 289 
0060 
r 088 
r 069 
0089 - a 0 2 6  - 1018 - 0097 - roo9 - r045 
r 000 - r 0 5 3  
r 009 
!PABE3 1V.- Continued. 
I ROW I 
C k 3 f i C S  
1 2 5 4 3 
1 1,201 
2 a747 
9 b 545 
4 
5 e 361 
6 e 317 
7 a 270 
8 b 259 
9 a 217 
10 a 125 
11 e090 
12 a084 
13 0085 
14 0 112 
15 a 034 
16 e026 
17 a018 
18 - a008 
19 - a009 
b 559 
le639 
10010 
a477 
0503 
a330 
a 323 
a 227 
0 266 
a 183 
a 183 
a098 
a 140 
a079 
a 009 
e 0 2 5  
e052 
a009 
e 0 4 3  
bo88 
le721 le410 
le292 la252 
a846 la125 
e375 a903 
a256 e579 
a279 e272 
,297 0 159 
e291 e301 
e210 ,139 
e172 a130 
e148 0062 
a061 e051 
0052 - a035 
e064 a000 
a017 " bo80 
a043 - b.009 
a035 - a034 
bo26 - ,009 
a054 e018 
01939 
a 9 2 2  
a 144 
a052 
a 110 
a070 
a009 - a052 - e052 - a026 - e062 
e 009 - e017 
e027 
e479 
~. 
ROV 
&#ice ' 
1 5 4 3 2 
1 
2 
1 a 426 
3 e 634 
4 
5 
a 641 
a416 
6 a 350 
7 a 304 
8 a 270 
9 e261 
10 a 158 
11 a 107 
12  a101 
13 a077 
14 b 120 
15  a026 
16  a009 
18 - e017 
19 e008 
895 
17 - bo18 
la613 le829 
le381 10323 
b547 a578 
,871  e95  
a374 e344 
b.368 a389 
a261 e319 
a300 e346 
a191 a188 
b226 e201 
a106 e147 
e113 ,069 
a079 a035 
e070 a072 
e017 .. r O O Y  
a034 a034 
e077 a017 
a026 e000 
0060 a018 
le473 
le374 
1 a 235 
la039 
e 666 
e314 
a204 
e 300 
a 139 
e 104 
a 106 
e034 
a009 
a 000 - a036 - e043 
a 000 - a009 
a035 
1e037 
e591 
a 16Y 
e087 
e 105 
a017 
a034 - e087 
a 000 
a044 
a 000 - e026 
a027 
e987 
e101 
. .. 
(e) H = 0 . n  
% = o.26 
2 
1 1.749 
3 
1.23P 
a868 
4 .Y2l 
5 
6 
I593 
7 
a 505 
e 
a369 
* 369 
10 
Y .27a 
a191 
l1 a142 
160 
12
13 
14 
a097 
I 146 
15  a025 
16 
17 - m009 e026 
18 - ,008 
19 - a025 
la983 
1at170 
1 i296 
I 659 
1489 
I458 
I 316 
I345 
a 285 
a 242 
I 154 
a 130 
0096 
-087 
e051 
a042 
a034 
a052 
,043 
1.504 
10259 
1.259 
1. 129 
8675 
a456 
e 2 6 1  
r205 
6 147 
e086 
a 009 
e072 - a026 
rO68 - 8009 
6034 
e027 
.sua 
I 545 
11 693 
1.608 
1.523 
1.380 
,961 
* 383 
.35b 
* 173 
146 
106 
8043 - -009 - -043 - a027 
- a009 - -026 
e009 
. 338 
- i o 4 3  
1.212 
l a  139 
* 758 
a207 
e 294 
143 
6 140 
a017 
- a060 IO00 
- a 0 3 9  * 000 
0025 
roo0 
.000 
Rov 
1 
2 
1.934 
3 
1.456 
4 
10060 
5 
le0Ob 
a 642 
6 a 509 
7  a467
10 
9 e937 
11 
r 2 8 0  
a150 
12 I 124 
13 e076 
14 144 
19 a025  
16  a042 
17 a026 
18 - .008 
19  a017 
a a410 
2.145 
2.053 
I. a 996 
a604 
a911 
.499 
* 447 
.375 
a291 
a 300 
a 177 
a 198 
-069 
0069 
a042 
a058 
-051 
a043 
0017 
1.935 
la328 
la270 
la165 
a920 
a866 
a 697 
r595 
~ 3 7 0  
1228 
0154 
e060 
a026 
e009 
e063 
e026 
e017 
roo8 
a044 
1 855 
1. 739 
1.698 
1.492 
1.083 
a524 
446 
I 490 
* 2;48 
e 1 1 3  
m171 
a042 
so34 
.OOO 
" r044 - l o34  
- e009 5017 
e 0 2 6  
1.301 
1.249 
930 
.433 
299 
I 183 
a 147 
e059 
000 - a043 
- a009 a017 
.000 
n009 
.000 
I xfaP = 19.1 J'ep = 0 . 9  
R 
B w 
. . . . . . . . . 
TllBLE IT.- Continued, 
[m - 0.4 
N 
N 
I 
kifice 
1 3 2 4 5 
1 2 0  105 
2 1 567 
3 
4 1.212 
1.256 
5 
6 
a739 
a587 
7 a518 
8 
9 
1430 
a 362 
10 ,262  
11 a193 
12 I 165 
13 084 
14 1135 
15 
16 
I 0 0 8  
0025 
17 
18 - ,016 e 009 
19 IO00 
2.146 
2.122 
1.822 
11299 
I 679 
a587 
,456 
,430 
,358 
0 200 
0316 
0 180 
,086 
103 
,042 
1059 
1041 
1042 
1043 
10395 
16334 
la331 
11036 
11191 
,949 
,817 
a713 
1472 
,311 
1230 
I 07.6 
1034 
a032 
000 
e042 
1042 
1017 
1044 
1 o 836 
1.788 
1.564 
1173s 
1.264 
b99 
622 
,544 
324 
,212 
165 
e084 
moo0 - ,025 - 0061 
" -034 
.000 - ,026 
e009 
11195 
1.121 
.926 
e 588 
.494 
e273 
a206 
0050 
- 0060 0034 
- a017 a309 
- .009 0033 
e 0 5 2  
wiea 
1 5 4 3 2 
1 
2 
20377 
11852 
3 
4 11420 
1 529 
5 
6 
I 965 
I718 
7 
6 
a618 
e 520 
9 
10 
a406 
306 
11 ' I181 
12 
13 
I202 
1090 
14 I141 
16 
15  0016 
17 
a058 
18 - 0008 009 
19 1025 
2.o~ 
11813 
11Y99 
la651 
1 127 
,777 
m 569 
I 490 
I 386 
a 369 
I 228 
a076 
,227 
1093 
,050 
1089 
a042 
a050 
8008 
1eb77 
1.458 
10429 
11356 
11137 
11083. 
e935 
,873 
582 
I038  
e335 
e067 
e083 
,039 
e017 
1025 
a033 
0024 
e043 
1.477 
1 I 470 
1 389 
1 I 304 
l o  167 
a 960 
I 840 
780 
I 586 
e 3 9 2  
m161 
I 324 
1034 
.ooo - 1043 
e017 
e034 - 0017 
- .ooa 
l e  175 
11114 
a708 
.9*3 
e619 
e464 
I 107 
364 
- a 0 0 8  1083 
1034 
1042 
e033 
1033 
~ 0 3 4  
. 
. . . . . . . 
L I L i i 
I I 
1 
2  21041 
21341 
4 
? 
1.a605 
1 a 694 
5 
6 
la056 
7 a 679 
8 
9 
6414 
a466 
10  a344
11 a 248 
12 
13 
e 209 
I 156 
15 
14 D 124 
a033 
16 
17 
a066 
a009 
19 
18 - IO08 
6024 
a844 
16817 
la650 
la348 
l a 6 4 1  
l a  104 
a837 
a686 
D 542 
1408 
I 258 
a234 
a042 
a084 
e008 
a038 
a097 
e008 
1041 
la802 
la867 
la393 
la443 
le337 
la151 
la077 
a973 
a900 
,4662 
e484 
a 358 
a 149 
a108 
a092 
a082 
6050 
a069 
e043 
8050 
la533 
la406 
la391 
1 a 340 
la181 
a 976 
a857 
a 886 
a 674 
a 424 
a 134 
I 238 
a017 
,016 
e033 
a066 
6034 
a091 
m a  
WhaS 
1 5 4 3 2 
la136 
1.129 
r937 
a 699 
I 761 
a471 
a 542 
a189 
a 116 
e084 
a059 
1089 
a042 
rooa 
4068 
I i 
ori f loo 
1 5 4 3 2 
1 1 a979 
2  1 a900 
3 10733 
4 11784 
5 1 6 397 
6 
7 
1 1047 
8 
e907 
a761 
9 
10 
a593 
11 
a 449 
12 
I 315 
19 
a249. 
a 129 
14 
15 
a 160 
16 
a071 
17 
a087 
a033 
18 - a031 
19 I024 
. . "  
la696 
1 a M l  
la618 
11577 
10336 
lrOlO 
a 694 
a889 
a605 
a355 
a 275 
a081 
I122 
a064 
Ill0 
a048 
a056 
a040 
1.282 
la729 
1n533 
la512 
1,410 
18155 
10015 
la124 
le037 
a762 
a628 
a 249 
a 176 
,171 
6097 
I 143 
a056 
a095 
a083 
6483 
le515 
1 a 446 
11388 
1 a 330 
la143 
11028 
a 892 
a922 
I 732 
I 658 
a549 
e357 
a219 
0083 
e 143 
103 
a 105 
a065 
a074 
1* 120 
1 t45 
a981 
a 728 
5626 
a684 
a 545 
a286 
1200 
a155 
a024 
a 130 
a118 
a097 
a049 
1 
I 
. .. . . 
[M g 0.d 
I R w  I 
1 1.771 
2 
3 
1 I700 
4 
1 a 540 
1 I 604 
6 
5 le293 
10113 
7 1 e 046 
8 
9 
e882 
0806 
lo a481 
e 648 
11
12 
13 
.383 
e191  
14 
15 
e212 
16 
148 
17 
I188 
8 131 
18 
19 
e 099 . 008 
1.532 
1 I 540 
1.385 
1 448 
1.263 
1.219 
e994 . 948 
e 849 
.770 
a573 
0454 
0.232 
e255 
e 189 
.ZOO 
e173 
6 143 
e008 
10 660 
le455 
1.415 
1.336 
le137 
1.056 
,999 
0990 
1582 
508 
0681 
0371 
0315 
e242 
e246 
e 2 5 1  
e158 
e098 
el80 
bmos 
1 5 4 3 2 
le398 lr07X 
le308 le086 
10304 0882 
le192 e732 
1.145 e658 
e940 e663 
a698 e584 
a886 a383  
e776 0322 
e621 a281 
0703 e151 
ah76 0264 
0327 e232 
0235 e222 
e211  e122 
0206 
227 . 144 
e 129 
J 
. . . . . . . 
JrifiDs 
1 2 3 4  5 
2 
1 1.723 
1.619 
3 1.461 
4 
5 
1.521 
b 
1.286 
7 
1.136 
1.049 
8 
9 
e919 
e 824 
10  a619 
11  ,564 
12 0461 
13 
14 
0319 
15 
I 323 
16 
0257 
17 
e251 
197 
18 
19 
a 145 
008 
10467 
10461 
l o  347 
le368 
1.204 
1.180 
e955 
a982 
e875 
e804 
,604 
e566 
.337 
a336 
0323 
0301 
276 
e 207 
,000 
10498 
1.362 
le262 
le204 
1.089 
1.038 
1949 
0982 
0600 
,549 
e 691 
I 460 
e435 
e375 
,318 
e 346 
02b9 
e250 
I107 
1.380 1.115 
1.311 1.047 
1.227 ,749 
1.097 0643 
0931 eb49 
,859 1578 
a909 e463 
,731 e370 
e673 0222 
e647 ,314 
e508 0289 
e407 0272 
,282 0 2 5 4  
e293 a154 
262 
.314 
,185 
I 194 
1.266  .e74 
1 Rar 
h.mm 
1 2  3  4 5 
2 
1 18440 
l a  349 
3 11218 
4 
5 
l a  233 
la063 
6 r9ll 
8 
7 
a761 
a896 
9 a752 
10  a642 
I1 
12 
r 564 
a451 
13 
14 
* 294 
* 399 
15 I 300 
16 I397 
17 
18 
a 341 
a 248 
19  a016 
10286 
1.260 
l r  197 
1.164 
1.020 
a951 
e814 
a 734 
I 742 
r 560 
a517 
I374 
r373 
a375 
e415 
r024 
a332 
,820 
I335 
1.297 
l a  141 
la079 
a978 
r887 
r 8 3 5  
a809 
a713 
r675 
1612 
a392 
I 450 
. 379 a 402 
a 4 2 2  
a 328 
1333 
a058 
#a14 
1.231 
11083 
11115 . 978 
,808 
I 766 
a 628 
a 804 
r574 
a618 
1499 
0405 
a413 
a 306 
e 346 
.374 
a221 
e310 
180 
l r  130 
1681 
e 865 
a596 
a587 
e 561 
*375 
a413 
e314 
a 367 
a 923 
a 358 
a 346 
a231 
1~041 
3 
'IYLBIEV 
1 
2 
3 
4 
5 
6 
7 
8 
10 
9 
11 
12 
13 
14 
15 
16 
17 
18 
19 
Oe265 
.202 
,175 
e 149 
a 109 
e065 
a043 
,065 
a061 
e032 
a 009 
a032 
I 007 
a092 - a049 
a050 
- ,048 e009 
a025 
01283 
,241 
175 
a221 
e055 
a 1 2 2  
a066 
a 0 6 7  
,034 
e092 
a032 
,051 
,025 
a076 - a008 
aooo 
a067 
,008 
,025 
04571 
a181 
,132 
e099 
eQ54 
aL29 
,044 
a216 
e059 
e058 
- a042 a067 
a008 
a047 - e017 
so00 
a017 
,025 
a104 
01669 
a310 
a 205 
e234 
- a022 172 
a033 
a 156 
,008 
e067 - a017 
aooo - a084 - a 1 2 4  - all2 - no50 - -025 - ~ 0 3 4  
a017 
0.196 
-239 
a088 
8008 
e008 
a073 - m008 - ,041 - ,083 - 1201 - ,110 - e008 - a082 
.ooo - e017 
I Bar 
lrifice 
1 2 3 4 5 
2 
1 0.416 
3 
a313 
e 2 0 7  
4 
5 
a217 
140 
6 
7 
a 108 
a097 
8 a086 
10 
9 a 104 
a032 
11  e034 
1 2  e040 
13 a 030 
14  a091 
15 - ,039 
16 
17 
a033 
18 - e 0 2 4  e009 
19  a016 
0.613 
a315 
e250 
~ 2 9 6  
,142 
a 155 
a 142 
a 100 
a050 
,108 
a023 
e050 
,042 
a 0 6 7  
" ,033 
,000 
a033 
,008 
e 0 5 8  
0.927 1.002 
a371 e539 
a163 a277 
a117 a 2 1 3  
e160 a 0 1 1  
a268 a200 
,077 e109 
a101 a017 
a074 a i 0 0  
- ,000 bo00 el00 - a017 
a000 - e092 
a039 - ,148 
,008 - -120 
,017 - a033 a016 - a042 
,016 - ,042 
a086 -042 
,197 .34a 
0a422 
291 
a 142 
a049 
m025 
.0b1 - e008 - a041 - -066 - e242 - a084 - roo0 - ,081 - a008 - a060 
. .  .. . . -. . . . . . . . 
1 01731 la221 la325 
2 
3 a390  a366  a534 
0534  0779  a963 
4 . -386 a382 a304 
5 a301 a249 a170 
6 a226 e242 0255 
7 0247 a217 a174 
8 a172 0143 r331 
9 a198 a 1 0 8  a167 
10 
11 
m096  a141 e 0 9 0  
12 
no94  0086 -116 
13 
a 0 6 4  a058 e017 
a037 a067 a017 
14 e099 a075 a054 
16 
15 - a033 - a008 - a025 
a025 - a016 a016 
17 a 0 0 0  a058 .OD0 
18 - a032  a008 e033 
19 a016 a016 0086 
1 a 268 
1.128 
-900 
,574 
e371 
108 
o 227 
a 254 
~ 0 9 1  
e 124 
0034  
- so92 a039 - ,139 - a136 - a050 - a041 - a034 
.008 
01873 
a 772 
e 250 
e081 
a041 
0 103 
a 042 
0 000 - a048 
" a232 - a092 - a008 - a 0 6 5  - 0017 
0025 
bitlae 
1 2 5 3 4 
1 
2 
3 
4 
5 
6 
8 
7 
10 
9 
11 
13 
12 
14 
15 
17 
16 
19 
18 
01927 
a498 
645 
a477 
a 237 
a 269 
o 204 
224 
0 120 
a094 
m088 
0044 
m099 - a008 
0041 
" a032 
ma32 
387 
0000 
1 o 439 
la072 
I 563 
e282 
,436 
a319 
0228 
.210 
a 125 
e141 
a117 
a092 
a033 
1075 - a016 - a024 
r0k9 
a033 
a017 
Io 543 
lo176 
a401 
a 708 
e 255 
a 319 
a 196 
a353 
a 167 
a 131 
a 166 
a 000 
o 041 
,038 - ,008 
o 008 
a017 
0077 
,008 
1 366 
11260 
10051 
o 541 
1817 
130 
I 184 
a100 
a 232 
o 132 
r051 
- e 1 0 8  e033 
- 0145 .. 0139 
- so41 - 0050 - -042 
m000 
1a0b4 
380 
o 890 
a097 
a075 
e089 
- a016 a059 - e033 - m265 - a067 - a008 - ~ 0 7 3  - e008 - 0025 
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1 
-3 
. .  
bmoe 
1 2 3 4 5 
2 
1  la375 
3 
a917 
e666 
4 
5 
e665 
6 
e 491 
e 396 
7 e 320 
8 0352 
10 
9 a 256 
11 
e 143 
12 
0119 
-080 
14 
13 e 044 
el06 
15 e 000 
17 
16 e041 
e008 
18 .. e048 
19  e032 
le706 
11.504 
e935 
e682 
e377 
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e404 
,263 
a 198 
m093 
e 190 
.lo8 
e058 
e 100 
eooo 
e049 
e008 
b o 0 0  
e049 
le920 
le093 
1 e 490 
592 
e401 
e335 
e401 
e382 
e224 
e 163 
e 173 
e025 
e025 
e053 - -017 
a016 - e008 
e024 
e068 
le593 
1 490 
1 e 323 
1 e 173 
e 864 
e 250 
e 3 4 3  
340 
e 124 
0059 
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e032 
- el55 - e075 - a135 - e066 - m065 - e033 
eooo 
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1.118 
.208 
,691 
-074 
e067 
.128 
000 - e049 
- e083 - ,255 
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1 
3 
4 
5 
6 
7 
8 
9 
11 
10 
12 
13 
14 
15 
17 
16 
19 
18 
le625 
1.090 
e 806 
e 790 
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e337 
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e 304 
* O B 6  
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a097 
e051 
- e016 
1.907 
1.655 
1 e 262 
.898 
e457 
e442 
e 382 
.281 
e220 
204 
e 130 
e 114 
e098 
e041 
.000 
21055 
1.592 
11282 
e946 
e 500 
a331 
490 
e440 
,262 
e211 
,185 
e008 
e049 
1.793 
1.664 
1.476 
1 e 266 
,957 
e392 
~ 4 5 6  
e 154 
e 346 
e 170 
e083 
e048 
- a137 - e049 - e117 
- e040 - a065 - a033 
e017 
1 384 
1.230 
-261 
.788 
142 
e171 
,082 
,032 
a008 
- e211 - e025 
e 000 - .008 - ~ 0 4 0  
e 000 
. .  . .  
I * 1 I 
I Bar 
I I I I I 
1 
2 
1.914 
1.991 
4 
3 1 e070 
5 
1.001 
e646 
6 . 589 
7 
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.458 
I 427 
10 
9 350 
a193 
11 
12 
1182 
e 124 
13 
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r 297 
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3 a 351 
4 e 345 
5 e 249 
6  1207 
7 e 178 
8 o 178 
9 0 171 
10  e227 
11 r 158 
12 0 201 
13 0 166 
14 o 305 
15 r 177 
16 e 244 
17 - 0040 
18 - a174 
19 - r 0 3 2  
1.082 
e 530 
e 365 
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e208 
o 197 
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e 175 
e 165 
e280 . 
r2,68 I 
I 193 
e089 
e232 
e098 
e059 
a 158 
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e 598 
e265 
e 146 
e183 
r 173 
e 346 
e 193 
a 309 
r 340 
r 148 
e 1 1 5  
r 142 
0027 
e038 
r 164 
e200 
1 r 276 
1 e007 
e 889 
e 708 
r 309 
e079 
e 144 
e 292 
a088 
e257 
e099 
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roo6 - r022 
e005 - rlO6 
b 175 
b 167 
e099 
a103 . 1125 4 a017 
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mu x.- contima. 
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4 
5 
6 
8 
7 
10 
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11 
1 2  
13 
14 
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17 
16 
18 
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Oa858 
e603  
a465 
a420 
I 264 
I 319 
a 227 
a220 
a 239 
a 274 
a 214 
a 207 
a 186 
a310 
o 199 
a 298 - a028 - 1159 - a059 
Ir  190 
l r008  
I544 
a425 
a 272 
0240 
a222 
1233 
a209 
a 329 
a 304 
a 242 
a l l 6  
e248 
a 1§8 
a064 
0105 
a 143 
a130 
11299 
1,029 
a842 
a660 
a 190 
a232 
,202 
a 388 
I 243 
a 362 
I 186 
a406 
a 125 
a188 
a016 
I 043 
r120 
a 194 
a107 
la361 
la100 
a.995 
r 825 
708 
a 164 
I 207 
1514 
I 121 
I 301 
a 173 
a 297 
I 105 
- a017 I 173 
" 1055 - m038 - I100 - a017 
06990 
a 893 
1610 
1133 
a022 
IO11 
a011 
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a 141 
a027 
*044 
rC39 
1070 
r o l l  - a 1 1 2  
I I R W  
I 3 4 5 
2 
1 01944 
3 
I 705 
4 
r586  
5 
525 
a412 
6 
7 
* 335 
m 270 
8 
9 
a277 
a 284 
10 a 342 
11 
12 
a 265 
r 254 
13 
14 I 337 
a215 
15  a209 
16 270 
1 7  
18 - I100 .011 
19 - a096 
la279 
1.108 
a908 
a576 
I344 
a 298 
a 279 
r 270 
a 324 
a 395 
.335 
a330 
a265 
a 138 
a 196 
r 122 
r 196 
187 - e130 
11421 
1.103 
a795 
a950 
a316 
a295 
a238 
a416 
1326 
a416 
a433 
a262 
a213 
I 191 
a027 
a027 
a120 
-167 - a073 
1.432 
la187 
lIO88 
I934 
r.834 
m436 
,329 
a164 
,394 
a 399 
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I200  
r l l O  
m 179 - ,039 - .082 - a076 - ,078 
a000 
1a061 
a956 
a 3 2 5  
1704 
a263 
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,083 
r087 
- I O 1 1  -060 
e 0 2 2  
.011 - a096 
r000 - a079 
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1 2 3 4 5 
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4 
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14 
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16 
17 
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0792 
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m 636 
0467 
0398 
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m311 
a369 
1373 
o 321 
125L 
0 936 
o 244 
a 241 
o 135 
o 297 
- 1005 
1 I 357 
1 o 205 
m 184 
o 896 
I 336 
m 370 
,327 
0 383 
0 385 
0433 
a 368 
m 166 
e275 
.244 
0255 
o 149 
0231 
0 393 
la482 
10034 
l a  159 
0866 
0616 
0434 
a330 , 443 
0360 
a 476 
0458 
o 239 
0.230 
mL38 
o 104 
10521 lo151 
10157 a786 
10285 lo053 
lr026 0399 
0895 0312 
0541 a303 
0442 ,309 
0633 0097 
a257 0038 
1425 - a038 
,317 - a050 
0205 - 0033 
~ 1 3 2  - ,112 
a124 - e049 - 0056 - e 0 8 4  
oozz - 0109 
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orifie9 I 
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1 le266 
2 0870 
5 a755 
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0539 
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a 406 
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0364 
0410 
10 0432 
11 
12 
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0319 
14 
13 0265 
o 370 
15 I 249 
16 0331 
17 
le 
1 268 
I 177 
19 - 0106 
" 
< 
le485 
lo073 
le270 
a509 
m41b 
0382 
o 396 
0450 
0417 
0477 
0429 
0 180 
12% 
o 247 
e306 
m 205 
- so75 0261 
la060 
l e 5 5 8  
1.234 
l o  101 
0975 
,748 
o 700 
0433 
o 522 
0430 
496 
m soa 
0 2 8 0  
a 290 
m 130 
0075 
mll8 
0165 - 1017 
la576 1 a Z 0 2  
1 ~ 3 4 3  1.119 
10215 0857 
la102 a452 
0948 0350 
0627 m352 
a627 m377 
0720 +224 
0498 B O 8 1  
1475 - a022 
m35i - 0027 
1250 r038 
a131 - ,085 - e 0 3 0  - 0055 a166 - ,022 - 0087 - a069 - no66 - 0071 
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TABLE X.- Continued. 
I ROW I 
1 
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la351 la539 
a943  la 48 
3 a005 la143 
4 a792 la131 
5 0609 a594 
6 a542  a488 
7 a462  a424 
8 a406  a432
9 a466  a471
10  a437  a509 
11 a418  a462
12  a298  a440 
13 a309 a 191 
14  a408 a316
15 a270  a279
16  a336 0215 
17 a302 a333 
18 0218 a315 
19 a a095 a075 
lr6L9 
l a  500 
l a  144 
11035) 
a811 
a 797 
.a639 
a 606 
a 490 
0528 
a 541 
e 3 5 1  
a 307 
a 3 3 0  
a 146 
a 1 9  
a 129 
a 171 - a 0 2 8  
l a  633 
la407 
1 e 279 
la159 
11010 
a 684 
a 670 
a 778 
a 589 
a 545 
a408 
a 28t? 
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a 176 - a028 - a070 - a 0 5 3  - a060 - a066 
la258 
l a  182 
a907 
a495 
a433 
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a415 
a331 
a231 - a005 
a000 - a005 - a069 
a011 
0083 
1 
2 
lr519 
3 
1 a064 
a 908 
4 a864 
5 
6 
a 692 
7 
a 603 
8 
a 545 
r 496 
9 a521 
10 a 488 
11 a 483 
12 a 349 
13 a 342 
14 a 423 
15 o 307 
16  a373 
17 a 329 
18 r 285 
19  a079 
lo616 
1 a408 
1 a 253 
lo178 
0733 
I 580 
a 508 
a488 
a 524 
a 562 
a 482 
a 466 
0261 
a 326 
a 294 
a 273 
a 364 
r 352 
a043 
l a  696 
l a  392 
la241 
la114 
a885 
a878 
a785 
a560 
a570 
a 488 
a 393 
a 404 
a173 
a182 
a 166 
a 191 - a045 
b751 
344 
1 a 693 
la482 
1 a 340 
1 a 265 
1 a084 
a 738 
a 746 
a826 
ob80 
a 738 
a511 
o 319 
a 201 
a 213 - a011 - a038 
a037 
a a033 - a060 
1 a 3x9 
la221 
a 954 
a 577 
a 464 
e457 
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a 305 
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a065 - a055 
I 
c 
TABIE x.- Continued. 
rM = 0.4 
1 
2 
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3 0995 
5 
,969 
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,784 
o 647 
7 
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,616 
0553 
9 .584 
lo 11 a546 
,530 
12 0 387 
13 0381 
14  a451 
15  ,339 
16 374 
17 
18 
e 363 
e312 
19 - a098 
10714 
1.503 
1.348 
1,238 
,898 
0682 
,580 
0554 
,601 
,607 
,533 
,489 
o 328 
,349 
322 
0 289 
0413 
a407 - ,021 
10771 lo781 
1.446 1.543 
1.314 10413 
1.194 lo311 
,963 1,155 
,936 a796 
a838 4639 
,905 0907 
,649 ,741 
r624 a809 
,622 ,716 
0361 0239 
,420 a214 
0222 a050 
0193 - a032 
0226 0005 
a208 . 0044 - 0028. - ~ 0 6 1  
.426  .37a 
1 o 399 
1.300 
1.006 
a647 
541 
0500 
0514 
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. a  189 
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o 257 
8 191 
0 111 
,108 
1 1.733 
2 1.338 
4 
3 1.104 
1 ,068 
6 
5 ,878 
7 a702 
,733 
8 
9 
,646 
,675 
10 0574 
11 0581 
12  ,424 
13 0406 
14  .479 
15 ,351 
16 0423 
17 , 4 0 3  
18 0344 
19 - 0021 
1 e 793 
1 578 
1.450 
10369 
1.091 
.784 
0666 
0642 
,657 
0679 
o 586 
,534 
0 394 
o 360 
0 355 
o 342 
o 468 
441 
,011 
1,854 
1.536 
1.410 
1.028 
1,297 
1.042 
1.012 
0912 
,841 
0701 
,481 
0683 
-432 
,0456 
0304 
236 
4270 
,283 - 0034 
14892 
1,632 
1.516 
10415 
,890 
926 
.975 
r802 
,882 
801 
0593 
r 262 
,327 
e067 
,016 
,005 
0000 - a055 
1.228 
1 m 501 
1.374 
1.101 
,759 
0607 
0585 
m570 
,445 
0409 
,228 
o 297 
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,233 
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3 
4 
5 
6 
7 
8 
10 
9 
11 
12 
13 
14 
15 
16 
17 
18 
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1~1136 
1 396 
l a  195 
1.141 
836 
.974 
I755 
.727 
.747 
a639 
662 . 495 
a476 
a546 
422 
e468 
m428 
a 325 .. so05 
1.890 
1.671 
1.543 
1.433 
1 . 182 
769 
~9111 
732 
a726 
a 742 
b45 
a569 
m 451 
406 
.378 
e37b 
503 
005 
. 487 
la941 
1.503 
1.626 
1.117 
10024 
1.131 
1; 102 
,971 
r785 
a752 
,522 
e 499 
a 509 
e350 
a291 
a 304 
r290 - ,062 
14381 
1.937 
1.727 
1.588 
1.516 
1 I 345 
* 987 
1.074 
,994 . 899 
m940 
I 665 
a526 
a323 
r l l 2  
055 
a065 
.ooo - a072 
. 888 
1.573 
1.465 
1.199 
,648 
a657 
1639 
e490 
.45& 
m262 
-309 
a292 
m 272 
a305 
e 234 
e a43 
WmOa 
Rw 
1 2 3  4 5 
1 
2 
l a931  
3 
1 a 442 
11261 
4 1 6218 
5 
6 
la068 
a 895 
7 a813 
6 a 799 
9 1822 
10 
11 
8683 
1 2  
a680 
1528 
13 
14 
r463 
I 563 
15 
16 
I434 
.485 
17 
18 
a 440 
1310 
19 a016 
16942 
1 a 745 
11624 
1 a 501 
1 I 263 
1.943 
a 842 . 784 . 780 a 793 
I 687 
a 614 
a474 
1462 
ah01 
r 4 0 9  
a547 
e016 
r 527 
2.009 24033 
1.549 1mbbZ 
la441 l a b 5 6  
1.182 1.362 
ka210 l r l O 3  
11054 1.032 
la023 4939 
1.167 1.134 
1~6t1a 11759 
.a94 .991 
.a13 .923 
e566 a694 
e527 e976 
a550 m442 
a324 a093 
a315 #OB6 
0290 a017 - a023 - ,028 
43a9 .ZOL 
1.611 
1e532 
1.273 
6913 
a 754 
a 7 2 2  
r679 
r488 
I 523 
~ 3 0 0  
a 337 
e 320 
a 292 
a285 
a333 
. .  . . .  
2 
1 
3 
4 
6 
5 
7 
8 
10 
9 
11 
13 
12 
15 
14 
16 
17 
18 
11962 
1. 367 
1.530 
1.151 
1.231 
970 . 888 
e874 
,882 
.733 
m 740 
I499 
620 
e462 
r525 
I385 
,219 
a 578 
2,033 
1.825 
1.696 
1 I 623 
1 s 333 
1.208 
1953 
I 861 . 874 . 857 . 747 
e667 
e520 
1 519 
e424 
45.8 
,598 
,573 
21069 
11628 
1.770 
1,237 
1.505 
11251 
1.138 
X e034 
1,110 
,888 
a646 
a600 
1593 
a451 
.375 
r338 
,254 
i1236 
z10a6 1~704 
1.854 1.616 
1.748 1 r 334 
1.643 e990 
1.452 ,806 
10129 a768 
1.122 e 7 3 1  
1.190 e596 
1.020 .544 
1bOk0 a346 
1977 ,389 
a645 a370 
a745 r349 
r515 e389 
a326  a3 7 
* 208 
146 
.022 
19  a038  a044 a000 - S O 1 1  ~ - .~
aiplo4 
1 5 c 2 3 
1 
2 
2.017 
1.415 
3 1.489 
4 
5 1.285 
1.401 
6 
7 
11083 
lr0lO 
10 . 1817 
9 r953 
11 8776 
13 
12  e616 
14 
a 549 
15 
1637 . 494 
16 
17 
I 529 
18 
a521 
19 
a 515 
6 125 
8 1,983 
2.066 ?a106 
lo787 1.594 
lo891 l*Y06 
11408 1.292 
la303 1.319 
1.068 1.141 
a 9 6 7  1.285 
a936 1.160 
1899 1.116 
e823 1.324 
e 7 0 4  a725 
1541 rb44 
a437 a495 
1561 1628 
.485 a447 
-637 a354 
1597 1267 
1158 rO88 
la675 10561 
2.130 1.745 
1.899 11519 
1.782 la349 
1 589 1 e048 
10514 a897 
1.231 a 9 2 1  
1.204 1804 
1.237 a629 
1.067 1564 
lrlOl 1435 
11048 ma51 
a704 1462 
t 810 m391 
a624 m457 
e419  1397 
0356 
I 236 
I 145 
.oa6 
XIop = 36.1 
TI"" = 43.3 
1. t 
krnw 
R U I  
1 5 4 3 2 
2 
1 2 1058 
le712 
3 
4 
1 e 540 
5  11328 
1 e 498 
6 
7 
1 I 146 
1 1148 
8 1 e 107 
9 1 e003 
10  1858 
11 1825 
12  1666 
13 
14 
e 577 
15 
0618 
1539 
16 
17 
e 954 
18 
a551 
19 
1555 
1 167 
21133 
1 I 944 
11819 
le728 
11473 
le368 
le214 
le051 
o 995 
e974 
1848 
6 746 
e 640 
e482 
1667 
e529 
e633 
0207 
1588 
.?a161 
11882 
1.712 
l r  h40 
11307 
le403 
le263 
l e 4 0 3  
le216 
11 170 
la100 
1789 
,723 
1682 
1551 
a471 
1319 
1284 
e 1 2 1  
21205 
1 I 961 
le814 
1 770 
lo578 
le267 
1 1 253 
1 259 
1.143 
11099 
le119 
a073 
1 763 
e 633 
e471 
0979 
0317 
a184 
I 147 
le819 
10671 
le406 
le086 
e972 
1 847 
n863 
e 659 
e625 
1489 
1503 
a437 
1465 
a524 
1415 
m 
Bar 
1 5 4 3 2 
2 
1 La142 
3 
1 *e00 
4 
le645 
5 
11584 
le416 
6 
7 
1 e267 
16156 
8 la114 
9 
10 
la078 
11 
e931 
e 880 
12  a727 
14 
13 1623 
1719 
15 1573 
17 
16  1593 
I 592 
18  a572 
19 e 185 
21208 2e268 
20041 1.929 
le807 le697 
le549 le442 
le422 1 1 4 2 8  
le358 1e.358 
1.137 1.608 
lo073 11281 
11019 11244 
1945 11180 
a821 *BHC 
1645 1781 
1654 1751 
1483 1613 
1542 e450 
a725 1328 
0701 e320 
0223 e l l 2  
11914  le820 
21284 
28030 
le923 
la627 
le830 
10375 
1 e 305 
1 I 383 
1 I 190 
le195 
1 I 199 
e922 
1 789 
e690 
e916 
1449 
e 369 
e 252 
e 182 
11871 
1 e 763 
1 1 503 
1 e 158 
1.059 
a905 
e897 
e 722 
I 671. 
e514 
1537 
a470 
1935 
1574 
a465 
.. . . 
.. . 
Wicb 
Bar 
1 4  5 3 2 
1 2.228 
2 1 r883 
3 1 a746 
4 1.703 
5 
6 
1,506 
7 
1.326 
1.243 
8 1.200 
9 
10 
1.184 
1.007 
11  .954 
12 
13 
e 769 
a670 
14 
15 
a 762 
a 618 
16 
17 
6628 
r6ll 
4198 
a 501 
19 
2.265 
2.118 
1.975 
1.897 
1.605 
1.441 
1.550 
1.225 
1 I 154 
1.115 
1 a025 
a703 
a915 
a517 
e 740 
8 597 . 772 . 744 
e218 
2.335 
2.022 
1.898 
le763 
1.518 
1.511 
1.441 
le504 
1.353 
i.326 
1.245 
leOOl 
e906 
.473 
0705 
a 500 . 448 
0328 
8415 
2.336 
2 ~ 1 0 7  
1 e 906 
10 999 
1 726 
1.429 
1 a408 
1.438 
1.272 
1.275 
1.189 
1.015 
.849 
.335 
r737 
a417 
,272 
e235 
. 385 
1.968 
1.822 
1 m 545 
1.243 
1,136 
a992 
e 990 
a 786 
a713 
a554 
e566 
590 
.410 
a576 
e516 
(t) n = 0.96 
= 0.98 
a ~ - 9 '  
= 0.P Irp 
I I Fhnl 
orifiaa 
1 2 3 4 5 
1 
2 
2.272 
1 a 946 
3 le830 
4 
5 
1.729 
1.559 
6 1 a 374 
7 
8 
1.2m 
1.232 
9 1 n202 
10051 
a971 
13 
12 (I 829 
a675 
14 a790 
15 
16 
e630 
17 
e662 
8663 
18 649 
19  223 
2.288 
2rO26 
2e153 
1.946 
1.647 
1 I 580 
1.493 
1.254 
1.201 
1.061 
143 
. 894 
a572 
a725 
a 596 
0802 
~ 7 6 8  . 294 
l a  128 
2.327 
2.069 
la922 
1.827 
le557 
1.552 
18485 
le450 
10368 
1.336 
1.272 
la062 
a963 
.538 
8711 
a571 
~ 5 1 0  
e505 
r403 
2.316 
2.126 
1.937 
1.752 
1.478 
1.477 
1.447 
1.309 
1.290 
1.221 
1.049 
e907 
a571 
I759 . 480 
a426 
a 350 
269 
28023 
.. 1 I .  
. . . . . . . . . 
c 
I Bar 
W S  
1 2 3 4 3 
2 
1 21315 
2.041 
3 
4 
1.927 
1.835 
6 
5 1.673 
1.471 
7 1.353 
9 
1.321 
1.285 
10 1 I 139 
11 
12 
11017 
re75 
13 a723 
14 
15 
0897 
0609 
16 r 520 
17 e 476 
18 
19 
a429 
r201 
a 
20  325 
21238 
2r088 
2.023 
18742 
1 I 659 
1. 543 
la390 
1.294 
1 rn 224 
1 136 
0971 
e760 
I 684 
I 465 
544 
I 722 
I 640 
a269 
2e371 
21016 
2r150 
le914 
1.644 
1.639 
11451 
14458 
11616 
1.106 
1.417 
6637 
r774 
a719 
rn 569 
643 
e614 
e657 
a526 
2.360 
2.227 
2.091 
20021 
1,847 
la565 
1.544 
la561 
1.390 
1.026 
la276 
855 
1765 
r 571 
I997 
I 383 
0447 
r467 
e436 
2,032 
1m681 
1 a 952 
1.284 
1 m 348 
1r10b 
1r039 
r 8 2 1  
e870 
a698 
r 6 3 3  
I 565 
e654 
a672 
r 4 8 B  
1 
I. 1 
I 
1 0.315 
2 
3 .1nz 
0193 
5 
4 o 144 
6 
0093 
7 
106 
8 
r 112 
9 
,062 
0045 
10 
11 
e 106 
12 
a064 
097 
13 -073 
14 
15 
195 
e099 
16  a118 
17  ,079 
18 -003 
19 - -038 
0 o 269 
e275 
a266 
0094 
0221 
0076 
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Figure 2.- Three-view drawing of the X-3 airplane. AU. dimendom. are 
i n  inches. 
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Figure 3.  - Drawing of the l e f t  wlng of the Douglas X-3 airplane showing 
the spanwise location of the orifice rows. Al dimensions axe In 
feet unless otherwise stated. 
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Figure 4.- Chordwise load dfstributions over the left wlng of 
plane a t  five orifice stations for several values of angle 
M = 0 . p .  
the X-j air-  
of - attack. 
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Figure 5.- Chordwise load distributions over the left wing of the X - 3  air- 
plane at f ive  or i f ice  stations for several values of angle of attack. 
M = 0.83. 
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Figure 6.- Chordw5se load distributions over the lef t  wing of the x-3 ab-  
plane at five or i f  ice stat ions for several values of angle of attack. 
M = 0.88. 
x/c 
Figure 6 .  - Concluded. 
Figure 7. 
Plane 
M =  0. 
CP 
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I 
X / C  
- Chordwise load distributions over t h e   l e f t  w i n g  of 
at f ive or i f ice  s ta t ions f o r  several values of angle 
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of attack. 
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Figure 8.- Chordwise load distributions  over the left wing of the  X-3 air- 
plane at five orifice  'stations for several  values of angle of attack. 
M = 0.99. 
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Figure 9. - Chordwise load distributions 
x/ c 
over the left wing of  the X-3 air- 
p k e  at five or i f ice  stations for several values of a&Le of attack. 
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Figure 10.- Effect of Mach number on the load distribution over the 
midsemispan or i f  ice station of the left wing of the X-3 airplane. 
a - 6 O .  
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Figure 11.- Variation with angle of attack o f  the resultant-pressure 
coefficient at the leading edge of the VFng of the X-3 amlane for 
the root, midsemispan, ana tip orifice stations. 
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Figure l2.- A p p r o x h t e  boundary for leding-edge flow separation for 
the root, midsemispan, and t i p  orifice stations of the wing of the 
x-3 aFrplane. 
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(a) Stat ion Ob*/2. 
Figure 13. - Wing-sectfon aeroaynamic character is t ics  for the five orf f ice  
s ta t ions  of the wing of the X-3 airplane. 
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(b ) Station 0.231b ’ /2. 
Figure 13. - Continued . 
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( c )  Station 0.462b1/2. 
Figure 13.- Continued. 
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Figure 13. - Continued. 
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(e) Station 0.872b1/2. 
Figure 13. - Concluded. 
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( a )  No--force coefficient. 
Figure 14.- Variation with Mach number of the aerodynamic character- 
istics of the midsemispan or i f ice  station ( 0.462b1/2) of the w i n g  
of the X-3 airplane at several angles of attack. - 
I. 
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'(b) Normal-force-curve slope. 
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(c) Center of  pressure. 
Figure 14.- Concluded. 
2 
166 
x,-p, percen f C 
- NACA RM H56G13 
M 
Figure 15.- Vmiation with Mach number of the aerodynamic chmxcter is t ics  
of the root ,  midsemispan, and t i p   o r i f i ce   s t a t ions  of the w i n g  of the 
X-g airplane. a = 6’. 
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(a) M = 0.71. (b) M = 0.83. 
Figure 16.- Bpanvlse load distributim over the w i n g  of the X-3 -lane a t  representative Mach 
numbere and anglee of attack. 
( c )  M = 0.88. (a) hi = 0.92. 
Figure 16.- Continued. 
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( e )  I = 0.99. 
.I 
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7.- Conparison of spanwise load distributions over the wing of 
the X-3 airplane with theory. M = 0.71. t - 
. .  
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(a) M =  0.71. (b) M = 0.83. 
Figure 18.- Spanwise pl,tchbg-moment distributions over the w i n g  of the X-5 &-plane a t  represent- ; P 
ative Mach .numbers ana angles of attack. 
(a) lV1 = 0.92. 
Figure 18.- Continued. 
* '  
" . .  
(e)  M =  0.99. 
Figuxe 18.- Concluded. 
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(b) Pitching-moment coefficient . 
F w e  19.- Con-Llnued. 
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( c )  knding-moment coefficient. 
Figure 19. - Continued. 
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(a) Chordwise location of center of pressure. 
Figure 19. - Continued. 
(e )  S p e s e  location of  center of pressure. 
Figure 19. - Concluded. 
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(a> Nomd-force coefficient. 
Figure 20. - Variation wlth Mach number of the aerodynamic characterist ics 
of the wing of the X-j airplane a t  several angles of attack including 
a comparison w i t h  the airplane characterist ics.  
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M 
( b ) Normal-f m c e  - curve slope. 
Figure 20.- Continued. 
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(c) Center of pressure. 
Figure 20.- Concluded. 
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(a)  Variation with angle of attack. 
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(b) Vcwiation with Mach number. L 
Figure 21.- Variation with angle of attack and Mach  number of the contri- . 
bution of the w i n g  of the X-3 airplane  to   the  total  normal force. - - 
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Figure 22.- Compa3.ison of flight data t o  wind-tunnel results of reference 4 
f o r  the X-3 airplane. Chordwise load distributions f o r  station near the 
midsemispan. 
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(b) M = 0.92. 
Figure 22. - Concluded. 
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(a) Station 0.2jlbt/2 (flight); station 0.184b1/2 (wi.a tunnel, ref .  4). 
Figure 23.- Ccmrparison of flight data with wlnd-tunnel results o f  refer- 
ence 4 for the X-3 airplane. Section normal-force coefficient. 
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(b) Station 0.462b1/2 (flight); statim 0.398b3/2 (wind tunnel, ref. 4). 
Figure 23. - Continued. 
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(a) M = 0.77 (fli@t); M = 0.80 (wind tunnel,) (b) M 0.92 ( T l i g b t ) ;  M = 0.92 (wind tunnel, 
r e f .  4). ref. 4). 
Figure 24.- CoJlrparlson of fU&t data with wind-tunnel results of reference 4 for the X-3 air- 
plane. Spanwise load distribution. 
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( a) wing-panel normal-force  coefficient. 
(b) Airplane  normal-force  coefficient. 
Figure 25.- Wing-panel aerodynamic  characteristics for the WLng of the 
X-3 airplane. 6f = 7" ? 1.5' 
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( c )  Pitching-moment coefficient. 
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(d )  Beuding-momext coefficient.  
Figure 25. - Continued. 
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(e) Chordwise location of center of pressure. 
for M of -71 .76 80 
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(f) @mise location of center of pressure. 
Figure 25.- Concluded. 
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